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‘‘ Newburn Bridge, Northumberland.” 
By JOHN HEKRY BARKER, Assoc. M. Inst. C.E. 

IN the construction of a  road-bridge  over the  River  Tyne  at 
Newburn  the  foundations for the piers  involved  difficulty and 
expenditure  quite disproportionate to  the whole work. This  was 
due  in  the first  place  to the  intention of the  Rirer Commissioners 
to  increase the  depth of water  in  the  higher reaches. At  the 
present  time  the river-bed is 5 feet above low-water  level a t  
Newcastle and  the  intention is to  dredge this  to 12 feet below 
low-water. The  strata below this  depth consist of silt and fine 
sand of a  treacherous nature; it was  therefore deemed advisable 
to  carry  the  cylinders down  to the rock. Preliminary borings 
were made on the  site of each of the  three  piers;  in  two cases the 
existence of rock was proved within a very few  inches of the  depth 
anticipated,  but  in  the deepest pier it was 8 feet lower. 

Each  pier consists of a pair of wrought-iron  cylinders 5 feet in 
external  diameter, # inch  thick, 19  feet 5 inches apart,  in  lengths 
of 4 feet, jointed  vertically  with  T-bars 6 inches by 3 inches by 
4 inch,  and stiffened a t  opposite points, with iron of the same 
section. A circumferential  T-bar was riveted to each length,  and 
this  in erection was bolted to  the adjacent length.  Sinking was 
commenced at  the  north  pier ; timber guide-squares being placed 
vertically,  about 14 feet  apart.  Five  lengths, i.e. 20 feet, of 
cylinder  resting on the river-bed and  held  in position by  the 
squares,  were  first erected, and open top sinking  with a “Panton 
digger”  was  tried.  The success of this method  was not  great, 
largely  owing  to  the presence of gravel,  which  got between the 
jaws  and  permitted  the escape of the  material:  but chiefly owing 
to nestingdue  to  the  small size of the  cylinder compared with  that 
of the  digger. It is probable that some of the more recent types of 
digger would have  given  better results. Weight  was  applied in 
the  shape of kentledge-blocks 8 feet  long,  weighing 1 ton each, 
placed upon  cast-iron rings  fitting  the  top of each  cylinder. On 
three or four occasions the  cylinders were  baled out  and  digging 
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by hand was tried,  but  with  little effect, the  least movement of 
the  ironwork  causing  an  inrush of water. Pneumatic  sinking  was 
commenced at  an  early  stage,  and difficulty was a t  first experienced 
in rendering  the  circular  joints  air-tight;  all  plates were  planed 
and  carefully caulked, but  with no effect, as  the  material was too 
thin  to  retain  the  set; 5 lbs. per square inch was the  greatest 
pressure  that could be maintained on the first trial.  The leakage 
was overcome by smearing  bitumastic enamel, such  as is used for 
ships’ bottoms, over all  joints  and  bolts; i t  was sufficiently tena- 
cious to  withstand air-pressure up  to even 40 lbs. per  square  inch 
and had elasticity  enough  to  prevent  cracking from vibration. A 
second trouble arose in applying  the  weight. An ordinary  bell 
air-lock, as  at  first  fitted,  left no room to load. The  weight of the 
cylinders  was  only  about 29 cwt. per  lineal foot and a large 
exterm1 load was therefore  essential. The first air-lock was aban- 
doned and one of simple construction,  designed by  the contractors’ 
manager, was adopted, which  permitted  an ample quantity of kent- 
ledge  to be applied on the  top ; further,  annular weights, 8 inches 
by 5& inches in section and of the  internal  diameter of the cylin- 
ders,  were  stacked  inside,  each ring  weighing 15 cwt. 

A large  supply of air was required at  all times, and occasionally 
a 22-I.H.P. engine could hardly cope with  the demand. Stones in 
the lower strata appeared  to afford an  easy passage for air when 
once the  ground  had been disturbed. On one occasion, in  sinking 
a cylinder,  the  air traversed  a  distance underground of 229 feet, 
rising  in  bubbles alongside the piles of the dam at the  north 
abutment. Unless the pressure was  maintained,  inrushes of silt 
and  water occurred, a t  times compelling the men to leave the 
work hastily.  When commencing  work after  standing, i t  was not 
advisable, and, indeed, rarely possible, to  blow the accumulation 
of water  through  the bottom, as the  breaking of the seal invariably 
opened innumerable passages for the escape of air. An outflow 
tbrough  the top was used, with a  siphon-pipe  as far as the outside 
water-level, rendering  the working-pressure sufficient to  expel the 
water from the  cylinder.  The  greatest pressure worked under  was 
37 lbs. per  square  inch; a  pressure of 30 lbs. per square  inch  was 
of constant occurrence. 

Daily records were kept of depths  sunk, loadings and air-pres- 
sure, &c. The  best method of obtaining  the  true  values for skin- 
friction is somewhat open to discussion, but  the method of deter- 
mination adopted seems to  have  given correct  results. The load 
on each cylinder  was  adjusted so as to move it to  the  extent 
of about 4 inch per day, while  digging was going on. The  depth 
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previous  to an increase of weight  was noted, together  with  the 
weight  and  the  air-pressure;  deducting  the  lifting force of the  air 
from the  total  weight  and  dividing  by  the  area embedded, a 
measure of friction  is obtained. The  usual method of noting  the 
exact point on the  gauge  at which the  cylinder  begins  to move is 
open to objection, principally because in  the  short  time occupied 
in reduction of pressure the exact point of movement is difficult 
to  determine;  and  further,  the speed of movement is  far from 
being proportional to  the  weight applied. An imperceptible sink- 
ing  may be in progress long before the pressure  noted has been 
reached;  and as in  large caissons each pound of pressure  per 
square  inch  represents a total of several tons, the figures are in  all 
probability much too large. Twenty-nine readings, taken at  depths 
8 feet  apart in the  six cylinders, gave an average of 1 . 2 6  cwt. per 
square foot of embedded area. The  highest and the lowest readings 
were 2.08 cwt. and 0.88 cwt., both being solitary examples. I n  
one cylinder low results were  obtained,  probably attributable  to 
the  extra  supply of air required  escaping up  the sides. On one or 
two occasions after a cylinder  had come to rest, on raising  the 
pressure  previous  to resuming excavation, a movement of several 
inches took place. High  readings were  found in  every case at  the 
commencement of pneumatic  sinking, due to  the consolidation of 
the  ground between then  and  the time  when sinking  by g a b  was 
abandoned. 

Deep holes in  the river-bed  were formed round  each  cylinder, 
caused to a small  extent  by scour, but chiefly by  the  inrush of silt 
whenever the pressure  was reduced. Such  reduction of embedded 
area  has in all cases been taken  into account, frequent  soundings 
having been made for the purpose. Inrushes of silt to the  extent 
of 4 or 5 feet in depth were of frequent occurrence, the  largest 
recorded being l1 feet. The  amount of excavation actually per- 
formed, compared with  the  capacity of the cylinders, could not 
be recorded, but  it  is  roughly  estimated  that  about twice the 
amount of the  latter was removed. I n  filling  the  cylinders 12 feet 
depth of concrete  was passed in buckets through  the air-lock. 
Pressure  was  kept on for twelve or fourteen  hours whilst  the 
cement  set,  otherwise the pressure of the  water would have forced 
through  the seal, and  the  cylinder could not have been driedwhen 
the lock was removed. If too great a  pressure of air was main- 
tained,  the  water was driven out of the concrete and prevented 
its  setting. In  the  first  cylinder  sunk, pressure  was removed too 
soon after  sealing,  with  the  result  that  in  laying  the concrete in 
the open a portion of it had  to be passed through water. After 
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this had set  the  cylinder was  dried, and on the  top were  several 
inches of slurry. A similar  result of depositing  cement  through 
water was  described in  connection with  the  Chittravati  Bridge,l 
though  the  analysis of the  substance  had  not  then been made. 
The  Author  submitted a sample of the  slurry  to a chemist, the 
result of whose analysis  is  here  stated,  together  with  the con- 
stituents of the original  cement. 

CEMENT. 
Lime. . . . . .  
Silica. . . . . .  
Sand . . . . . .  
Aluraina. . . . .  
Peroxide of iron . . 
Magnesia . . . .  
Potash . . . . .  
Soda . . . .  
Carbonic acid . . .  
Sulphuric  acid . . .  
Sulphur  as sulphide . 
Water . . . . .  

Total . 

. . 60.57 
22.00 

. . 0.67 

. . 8.37 

. . 3.10 

. . 1.20 

Per cent. 
SLURRY. 

Lime. . . . . . . .  32.10 
Silica, combined . . . .  13.45 
Silica,  uncombined. . . .  27 .OO 
Alumina. . . . . . .  5.25 
Peroxide of iron . . . .  2.95 
Magnesia . . . . . .  0'79 

Per cent. 

. 0.29  Potkh . . .  not 

. 0.42 Soda . . . .  
. . 1.20 
. . 1.14 
. . 0.12 
. . 1.20 

. . 100.28 
- 

Carbonic acid . . . . .  4.32 
Sulphuric  acid . . . . .  0.54 
Sulphur . . . . . . .  0.004 
Combined mater with a  little] 11.74 

organic matter . . .  
- 

Total . . .  98.144 

If, in  the case of the  slurry,  the  extra  constituents of uncom- 
bined  silica,  carbonic  acid, and combined water be deducted, there 
remains  about 60 per  cent. of pure  cement. The specific gravities 
of neat cement  (set), of concrete mortar (14 of sand to 1 of cement), 
and of slurry,  are 2 * 2 ,  2 09 and 1 * 80 respectively. 

Minutes of Proceedings  Inst. C.E., vol.  ciii. p. 143. 
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